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Seeded Crystallization of Alumina Thin 
Films Deposited by ALD 
 
Derek Weisberg, Hannah Maret, Helen M. Chan, Nicholas C. Strandwitz 
 
Materials Science & Engineering 
Abstract 
Sapphire, a single crystalline form of alumina (Al2O3), has many important 
technological applications due to its high hardness and chemical inertness. It 
is commonly used as a substrate for compound semiconductor growth and 
LED manufacturing. In addition, it is often used as an optical window due to 
its high degree of optical transparency. The growth of large grain or single 
crystal sapphire however, is a time- and energy-intensive process, motivating 
new growth techniques. This investigation develops alternative pathways to 
produce large grained sapphire films on a variety of substrates. Atomic layer 
deposition (ALD) is an emerging growth technique capable of deposition of 
amorphous alumina with precise thickness control. Annealing of amorphous 
alumina films typically requires very high temperatures and results in 
nanoscopic crystals. We have demonstrated that by placing nanoparticle 
sapphire seeds on the amorphous ALD alumina, crystallization can be 
induced at far lower temperatures, resulting in large grains (several microns 
in diameter). Crystallization was observed at temperatures as low as 900 °C. 
By measuring the growth rates of the crystals at various temperatures, the 
growth temperature and time can be optimized to produce fully polycrystalline 
sapphire films on a variety of substrates. 
Results 
After annealing at temperatures of 900°C or greater, contrast in SEM images 
indicates change in the alumina film near  the crystalline seeds. 
 
 
 
 
 
 
 
 
 
 
 
 
Electron backscatter diffraction (EBSD) is a technique used to identify 
crystalline phases and orientations. Maps can be created by assigning a 
color to each examined point based on its crystallographic orientation. The 
results below show the alpha alumina grains that grew from the seeds. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The average growth rates of the crystalline grains were calculated using the 
average grain sizes and anneal times. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The above chart shows the direct relationship between the grain growth rate 
and annealing temperature. Using this model, the growth rate at other 
temperatures can be predicted. 
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Introduction 
ALD is a thin film growth technique. ALD is governed by a series of self-
limiting chemical reactions, resulting in growth rates of 0.1 nm/cycle. 
 
 
 
 
 
 
 
 
 
Once the amorphous film is deposited, a sample can be annealed to 
crystallize the film. This crystalline growth can be induced at lower 
temperatures with the inclusion of crystalline seeds. Continued grain growth 
can transform the amorphous film into a polycrystalline film.  
 
 
 
 
 
 
 
 
 
Future Work 
• Measure orientation distribution of grains.   
• Correlate seed and grain orientation (cross sectional electron microscopy). 
• Explore different substrates and seeds. 
Experimental 
• Grow silicon dioxide (SiO2) layer on a silicon substrate to create a 
boundary between the crystalline silicon and amorphous metal oxide layer. 
• Deposit an alumina layer 100 nm in thickness (1000 cycles) using ALD. 
• Place crystalline alpha alumina particles on the surface of the film. 
• Anneal samples at 900 °C, 950 °C, 1000 °C, and 1050 °C. 
• Image the crystallized regions using scanning electron microscopy (SEM) 
and electron backscatter diffraction (EBSD). 
• Analyze SEM images to calculate growth rates. 
Trimethylaluminum  
(TMA) (Al2(CH3)6) 
Vacuum Water (H2O) Vacuum 
T (°C) Growth (nm/hr) 
900 6.23 
950 9.22 
1000 65.1 
1050 92.2 
Growth Rate vs. Temperature 
Annealed at 1050 °C for 8 hours 
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